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In the preceding paper (1) experiments have been described in which swine 
influenza virus infections were elicited in apparently normal swine by multiple 
intramuscular  injections of suspensions  of either living or heat-killed Hemo- 
philus influemae suis.  The findings suggested that the virus of swine influenza 
had been present somewhere in the pigs at the time of injection.  In the present 
paper it will be shown that the swine lungworm is. capable of harboring swine 
influenza virus and  of transmitting  it from swine to swine.  This discovery 
was made incidentally to observations on the possible r61e of the lungworm in 
transmitting hog cholera. 
Study of the possibility that the swine lungworm might serve as an inter- 
mediate host for hog cholera had as its basis the popular belief held by certain 
farmers and veterinarians in the Middle West that the earthworm is responsible, 
in some unvisualized fashion, for the persistence of cholera virus from one out- 
break of the disease to the next.  I  The observations of the Hobmaiers (2) and 
Schwartz and Alicata (3) that the earthworm serves as intermediate host for 
the swine lungworm lent some plausibility to this belief, although it seemed 
more likely, if the earthworm were involved, that its r61e was indirect and that 
the lungworm in all probability was the actual carrier of the infectious agent. 
It was decided to test the possibility experimentally.  In the hope that findings 
with one agent might serve as controls for those with another, a study with the 
swine influenza virus was conducted in parallel with that of the hog cholera 
virus.  The latter yielded negative results  whereas  that  with  the  influenza 
virus clearly showed that the lungworm was capable of serving as the trans- 
mitting  intermediate host.  For  this  reason  the  findings with  the  influenza 
virus will be especially stressed. 
1 1 am indebted to Dr. Fred J. Crow and Mr. Ivan Hummer for first calling my 
attention to this belief. 
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Materials  and  Methods 
Vimses.--The  swine  influenza  virus  used  was  strain  15  obtained  originally in 
Iowa in 1930 from a naturally occurring case of swine influenza.  It had been main- 
tained by passage through swine at intervals of 2 months or less. 
The strain of hog cholera virus employed had been obtained from a  commercial 
laboratory in 1937.  Prior to use in the present experiments it had been maintained 
by occasional passage through swine at this laboratory. 
Earthworms.--The earthwormswere dug locally in areas known to have  been  free 
of contamination by swine feces for at least  10 years.  Furthermore, repeated ex- 
aminations of representative specimens of earthworms from these areas have failed 
to  reveal the  presence  of  swine  lungworm  larvae.  Four  species of  earthworms,  ~ 
Eisenia foetida  (Savigny), AUolobophora caliginosa f. typica  (Savigny), Allolobophora 
longa Ude, and Lumbricus  terrestris Linnaeus, have been utilized in the experiments, 
and all seem equally capable of serving as intermediate hosts for the swine lungworm. 
The earthworms for each experiment were kept  in separate wooden barrels of the 
type in which bulk chemicals are shipped.  These barrels, measuring approximately 
18 inches in diameter by 30 inches in depth, were buried in the earth to within 2 or 3 
inches of their tops and filled with soil to a level which eventually approximated that 
of the outside dirt level.  Each barrel was covered with a fairly snugly fitting wooden 
lid.  Food for the experimental worms consisted of a handful of either yellow corn meal 
or used coffee grounds, scattered on the dirt surface of the barrels at intervals of 6 
weeks to 2 months, and a 2 to 3 inch surface layer of decaying maple and linden leaves 
which was maintained at all times.  This leaf mulch, in addition to furnishing nutri- 
ment, also served to maintain the correct degree of moistness in the upper portion of 
the dirt.  Water was sprinkled on the dirt surface at irregular intervals, depending 
upon weather and season, sufficiently often to maintain the soil in a  moist but not 
wet condition. 
Lungworms.--In the present experiments two species of lungworms,  3 Metastrongylus 
elongatus  and  Choerostrongylus pudendotectus, have  been  used  in  mixture,  and  no 
attempt has yet been made to work with either species singly.  The developmental 
cycles of these two lungworms'are the same.  They are concurrently present in swine 
of the Institute herd having free access to pasture. 
The Lungworm Cycle in Earthworms 
The swine lungworm, a  nematode parasitic in the bronchioles of the bases of the 
lungs of swine, has been shown by the Hobmaiers (2) and Schwartz and Alicata (3) 
to pass the first three of its developmental stages in an earthworm.  The life cycle 
in  brief is  as follows.  The  embryonated lungworm  ovum  deposited in  the  swine 
respiratory tract by the female lungworm is coughed up, swallowed, and eventually 
passed in the swine feces.  Mter reaching the soil it is swallowed by an earthworm, 
in which it hatches as a  first-stage larva.  It undergoes two further developmental 
2 1 am indebted to Dr. Libbie Hyman, Dr. Grace Pickford, and Dr. Henry Olson 
for the identifications of the earthworms used. 
3 1 am indebted to Dr. Norman R. StoU for identifying the lungworm species used. RICHARD E.  SIIOPE  51 
stages in the earthworm eventually reaching its third or infective larval stage.  In 
this stage  it  is  capable of  infesting swine and has  usually become localized either 
FIG. 1.  Third-stage lungworm larvae as seen in a fresh "press" preparation of the 
calciferous gland of  an experimentally infested earthworm.  ×  94.  Photographed 
by Mr. Julian A. Carlile. 
in the calciferous  glands, hearts, or gizzard of its earthworm intermediate host.  Ex- 
amination  of fresh "press" preparations of these organs of an infected earthworm under 
the low power of the microscope readily reveals the presence of larvae (Fig. 1).  The 
larva remains in the third stage until its earthworm host is ingested by a swine.  Once 
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intestinal mucosa, and migrates to the respiratory tract  by way of the lymphatics 
and blood stream.  It undergoes two further developmental stages in the swine, finally 
becoming an adult lungworm in the  bronchioles at  the  bases of  the  diaphragmatic 
lobes.  The whole of the cycle can occupy a span of several years for its completion 
or, under the most favorable conditions, can be completed in about 2 months. 
It is the third larval stage which permits delay in completion of the developmental 
cycle.  In this stage the larva can apparently persist for periods of at least 4 years 
(4) in its earthworm host. 4  It is probably because of this very favorable and pro- 
longed survival period  in an  intermediate host  that  lungworms constitute such a 
common parasite in swine reared under the usual farm conditions. 
_Preliminary Tests 
Swine Influenza.--Late  in October of  1938 lungworms were  obtained at autopsy 
from 3 swine killed on the 3rd, 4th, and 5th days after infection with swine influenza 
(intranasal inoculation with a mixture of the bacterium H. influenzae suis and swine 
influenza  virus) (5).  The worms, in a Petri dish containing  a little water, were minced 
coarsely with  scissors  to  release  the  ova  they  contained.  This  worm  mince was 
then buried 3 to 4 inches below the dirt surface in a sunken barrel.  Feces collected 
from the same 3 swine throughout the course of their illnesses together with the colon 
feces obtained at autopsy were similarly buried in the barrel and loosely mixed with 
dirt.  Shortly afterwards about 400  earthworms were  placed on the  surface of  the 
soil in the barrel and the dirt was thoroughly wet with a  sprinkler of water.  The 
worms promptly burrowed beneath the surface.  This barrel was designated as No. 4. 
Five weeks later representative earthworms were examined and in their calciferous 
glands were found third-stage lungworm larvae ranging in numbers from single speci- 
mens to as many as 20 or more. 
After the lungworm larvae had become established in their earthworm intermediate 
hosts an attempt was made to learn whether these larvae, hatched from ova obtained 
from  influenza-infected swine,  could  induce influenza when  they  infested normal 
swine.  50 earthworms were removed from the barrel and, after thorough washing in 
tap water, were fed to 2 swine.  In order to be certain that all of the earthworms were 
consumed they were cut into lengths of a centimeter or less and mixed with the ground 
grain feed of the swine.  The pigs ate this worm-grain mixture with apparent relish. 
Hog  Cholera.--The  hog  cholera  experiment paralleled that  with  swine influenza 
both  chronologically and in methods  used.  The  lungworms and feces  containing 
lungworm ova were obtained from 2 swine killed when moribund of hog cholera on the 
6th and 10th days after infection with hog cholera virus.  This material was fed to a 
similar number of  earthworms  in another sunken barrel which  was  designated as 
No. 3.  These earthworms became infested with larval lungworms in numbers corn- 
4 The life  span  of  the  earthworm  itself,  under natural conditions, is  unknown. 
However, under the artificial conditions of captivity specimens of E. foetida have lived 
for as long as 4)~ years, L. terrestris for as long as 6 years, and A. longa for as long as 
10~ years.  (Stephenson, J., The Oligochaeta, Oxford,  The Clarendon Press,  1930, 
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parable  to the earthworms in the influenza barrel and at 5 weeks 50 were dug and fed 
to 2 swine as in the influenza experiment. 
The 2 swine used in each experiment were normal so far as any past experience 
with either the hog cholera or the swine influenza virus was concerned.  How- 
ever,  all 4  animals,  for 3  weeks prior  to  being employed in  the  earthworm 
experiments, had received a series of 3 intramuscular inoculations of suspensions 
of the bacterium H. influemae suis at 8 day intervals.  These inoculations had 
caused no clinical illness  in any of the 4 swine, nor was there any reason to 
suppose that they had altered the suceptibility of the swine to either hog cholera 
or swine influenza virus.  The animals were considered "normal" with respect 
to the experiments in which they were to be used.  However, as later develop- 
ments  demonstrated,  the  preliminary  inoculations  with  the  bacterium  H. 
influenzae  suis  were  of particular  significance in  determining the results  ob- 
tained. 
Swine 2149 and 2215, that had been fed earthworms  containing  lungworm larvae 
from hog cholera animals, and swine 2162 and 2217, fed earthworms  containing lung- 
worm larvae from swine influenza animals~ were observed for a period of 10 days.  All 
remained  normal,  and the outcome of the experiments  was believed to be negative. 
Rather than destroy the animals at this time it was decided to continue their courses 
of  intramuscular  inoculations  of  suspensions  of  the  bacterium  H.  influenza,  suis 
that had been interrupted at the time of their introduction into the lungworm experi- 
ments.  Consequently  on the  10th  day after  they had been  fed earthworms  each 
swine was inoculated intramuscularly  with 2 cc. of a 1 per cent by volume suspension 
of a 22 hour culture of H. influenza, suis grown on potato-chocolate  agar slants.  The 
2 cholera-worm animals,  swine 2149 and 2215, remained normal throughout a further 
period  of observation  of  13  days. 
As has been reported briefly in a preliminary publication (6) the 2 influenza" 
worm animals came down with swine influenza. 
On the 3rd day after its intramuscular  inoculation  with H. influenza,  suis swine 
2217 developed a  temperature of 40.9°C. and appeared  ill  (Fig.  2).  The following 
day its  temperature  was still  elevated  and  the  clinical  signs exhibited  were  those 
characteristically  seen in swine influenza.  The animal  remained  febrile and ill for 
4 days and then underwent  an uneventful recovery.  Swine 2162 in the same pen 
remained  normal until 5 days after swine 2217 had first become sick and then it too 
underwent  a 4 day illness that was clinically characteristic  of mild swine influenza. 
Serum drawn from each of these 2 animals during convalescence was found to contain 
antibodies  neutralizing  swine influenza virus, whereas that drawn prior to the earth- 
worm feeding had been devoid of antibodies.  The serum of neither  of the swine fed 
the cholera-worms developed antibodies  neutralizing  swine influenza virus during a 
similar period of observation. 
It seemed apparent from these experiments that the 2 swine fed lungworm 
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influenza.  However, in the light of subsequent experiments of this type it is 
probable  that only swine 2217 acquired its swine influenza virus directly from 
the lungworm larvae ingested.  The illness of the other animal in the same pen, 
swine 2162, probably represented an infection acquired by contact with swine 
2217.  Furthermore the experiments suggested that more than mere transfer 
of virus by infected lungworm larvae was required to elicit infection: A pro- 
vocative stimulus or stress was also essential.  In the above experiment intra- 
muscular injections  of H. influenzae  suis had provided the provocation. 
So far as  the single  experiment with  lnngworm  larvae from  cases of hog 
cholera was indicative, it did not appear that the hog cholera virus was capable 
of transmission v/a the  lungworm.  Because of the promising lead obtained 
with swine influenza it was decided to concentrate on this phase of the problem 
and to abandon, for the time, further investigation of hog cholera. 
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FIG. 2.  Swine 2217.  The animal  received  three  intramuscular  injections  of  //. 
influenme suls (H. i. s.) before being fed 25 earthworms  5 weeks after these had in- 
gested lungworm ova from swine with swine influenza.  Afterwards a fourth injection 
of tt. influemae  suis  was followed by  clinically  characteristic  influenza.  During 
convalescence virus-neutralizing  antibodies  appeared in the animal's serum. 
Results of Confirmatory Experiments 
Experiment/.--In January of 1939, 2 swine, 2200 and 2291, were each fed 18 earth- 
worms removed from barrel 4.  By now 2 months had elapsed since the first exposure 
of these earthworms  to lungworm ova from pigs with swine influenza.  19 days after 
being fed the earthworms each swine was inoculated intramuscularly  in the ham with 
1 co. of a  1 per cent  by volume suspension of a 48 hour potato-chocolate  agar live 
culture of//. influemae suis.  The animals remained normal.  8 days later each was 
given a second intramuscular  injection of 2 cc. of a  1 per cent suspension of live//. 
influemae suis. 
On the 4th day after this  second injection  the temperatures  of both animals  rose 
abruptly and on the following day they exhibited clinical signs characteristic  of swine 
influenza  (Fig.  3).  Swine  2200 was killed and autopsied  on the 3rd day of illness. 
At autopsy the pathological  alterations  in the lung were characteristic  of those  of 
swine influenza, and swine influenza virus was demonstrated in the lung by mouse 
inoculation  (7, 8).  The distribution  of the lesions in swine 2200 was somewhat dif- 
ferent,  however, than that ordinarily  seen in intranasaUy inoculated  swine (9).  In- 'RICItA'RD  E.  SHOPE  55 
stead of the pneumonia being limited to the cephalic and cardiac lobes as is usually 
the case, it was rather diffusely distributed in a  lobular fashion and portions of all 
lobes were involved.  From past experience with swine infected nasally, extensive 
involvement of the diaphragmatic lobes except in fatal cases had come to be looked 
upon as very exceptional.  The pneumonia at the extreme bases, in the regions of 
bronchioles containing adult lungworms, was especially marked. 
The other animal, swine 2291, was ill for 3 days and then underwent an uneventful 
recovery.  Its blood serum,  obtained after recovery, was  found to have developed 
antibodies neutralizing swine influenza virus. 
The demonstration of swine influenza virus in the respiratory tract of one 
animal during the acute stage of illness and of specific virus-neutralizing anti- 
bodies in the blood serum of the other after recovery made it evident that the 
influenza-like illness of each had indeed been swine influenza and had had as 
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FIG. 3.  Swine 2200 was fed 18 earthworms which 2 months previously had ingested 
lungworm  ova  from  swine  with  swine  influenza.  19  and  27  days later the  swine 
was  injected intramuscularly with  H.  influenzae  suis  (H.  i.  s.).  4  days after  the 
second injection the animal developed swine influenza that was characteristic clinically 
and at autopsy.  Swine influenza virus was demonstrated in the respiratory tract. 
its basis infection with the swine influenza virus.  The bacterium H. influenza~ 
suis was present in cultures from the trachea of the first animal. 
Experiment 2.--Late in January of 1939 swine 2222 and 2240  were given two intra- 
muscular injections of live H. influenzae  suis at an 8 day interval.  3  days after the 
second injection each animal was fed 7 earthworms  removed from barrel 4.  By now 
3 months had elapsed since the first exposure of these earthworms to lungworm ova 
from pigs with swine influenza.  The animals remained normal throughout an 18 day 
period of observation.  Then each was inoculated intramuscularly in the ham with 
2 cc. of a  1 per cent suspension of live H. influenzae  suls. 
On the 3rd day after this inoculation the temperature of swine 2222  rose abruptly 
and the animal appeared ill (Fig. 4).  The following day its temperature had risen 
to 41.3°C.  and the clinical signs were those characteristic of swine influenza.  The 
animal was killed and autopsied and the findings in the respiratory tract were typical 
of those seen in swine influenza.  As in the animal autopsied in the preceding experi- 
ment,  however, the distribution of the pneumonia tended to be more basilar than 
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nasal route.  Swine influenza virus was demonstrated in the pneumonic lung of this 
animal, and in lungworms taken from bronchi at the bases, by mouse inoculation. 
tt. influenzae suis was present in cultures from the respiratory tract. 
Swine 2240 became ill on the 6th day after inoculation and the findings at autopsy 
on the 3rd day of illness were similar to those described for swine 2222.  Swine in- 
fluenza virus was demonstrated in the lung and in lungworms from this animal by 
mouse inoculation.  H. influenzae suis was present in cultures from the trachea.  In 
the light of subsequent experience it is likely that swine 2240 acquired its infection by 
exposure to swine 2222,  the first animal of the pair in the pen to sicken. 
Experiment 3.--Late in April of 1939,  5 swine, 2345,  2340,  2339,  2344,  and 2341, 
that had been reared indoors on a  concrete floor and were known to be free of lung- 
worms were each fed 15 earthworms from barrel 4  (5 earthworms on each of 3 con- 
secutive days).  6 months had now elapsed since these earthworms had ingested their 
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FIO. 4.  Swine  2222  received two  intramuscular  injections of 1t.  influsnzae  suis 
(I-I. i.  s.)  before being fed 7  earthworms which  3  months  previously had  ingested 
tungworm  ova from swine with swine influenza.  The animal remained normal for 
18  days and was then again injected intramuscularly with a  suspension of H.  in- 
fluenzae suis.  On the 3rd day after this injection it came down with swine influenza. 
Virus was demonstrated in its respiratory tract. 
lungworm ova.  Swine 2340  was subsequently given three intramuscular injections 
of suspensions of live H. influenzae suis at 8 day intervals beginning 13 days after the 
earthworm feeding.  It failed to become ill and was killed and autopsied.  No lung- 
worms could be found upon careful search of its respiratory tract.  Another of the 
group, swine 2345, was then killed and autopsied, and its respiratory tract also proved 
free of lungworms.  It was thus apparent that lungworms had for some unknown 
reason failed to become established in this group of swine.  Consequently in June 
swine 2339 and 2344 were again fed 18, and swine 2341, 6 earthworms, from barrel 4. 
Throughout  the remainder of the summer they were subjected to inoculations with 
suspensions of H. influenzae suis at irregular intervals, but failed to become ill.  Swine 
2344 was finally killed and autopsied late in July.  Except for the presence of moder- 
ate numbers of lungworms in the bronchi at the bases of its diaphragmatic lobes its 
respiratory tract was normal.  Furthermore, blood sera from all 3 swine at this time 
were devoid of virus-neutralizing antibodies.  Swine 2339 and 2341 were kept under 
observation and received no further inoculations of H. influen~.ae suls until Aug. 18. 
Then each received a series of three intramuscular injections at 8 day intervals. ~ICHAPJ) E.  SHOPE  57 
On the 3rd day after the third injection of H. influenzae  suis the temperature of 
swine  2341  rose  abruptly  to 40.9°C.  and  the  animal  appeared  ill.  The  following 
day the clinical signs were those characteristic of a  mild swine influenza.  By the 
next  day the  temperature  had  dropped to normal and  the animal appeared  to be 
recovering.  It was killed and autopsied and the pathological findings in the respira- 
tory tract were those of swine influenza.  Again, however, the pneumonia was pre- 
dominantly basilar instead of being limited to the anterior lobes as is usual in swine 
infected by way of the nose.  Lungworms were numerous in the bronchi at the bases 
of the lung. 
Eight anesthetized mice were inoculated intranasally in the usual fashion (8) with 
a  10 per cent suspension of pneumonic lung of swine 2341  in order to test  for the 
presence of swine influenza virus.  4 of these were killed and autopsied on the 4th 
day.  Their lungs appeared completely normal.  The lungs of these mice were ground 
in saline to make a 5 per cent suspension and this suspension was administered intra- 
nasally to 8 more anesthetized mice.  Of these, 5 died and 3 were killed, and all showed 
lung lesions characteristic of those caused by swine influenza virus.  Furthermore in 
the next serial passage, mice which received a suspension of lungs of these 2nd passage 
mice mixed with serum known to neutralize  swine influenza virus were completely 
protected, whereas the control mice all died.  The remaining 4 mice that had received 
the original lung suspension from swine 2341  were tested  for  immunity to  a  fully 
mouse-adapted swine influenza virus 25 days later.  One of these died and the other 
3 survived. 
It  seemed  apparent  from  these  experiments  that  the  lung  of swine  2341 
had contained swine influenza virus.  The failure of this virus to kill, as most 
swine influenza viruses typically do, in its first mouse passage, suggested that 
its mouse pathogenicity may have been altered in some way either by its so- 
journ of 8 months in lungworm larvae in their earthworm intermediate hosts 
or its survival of almost 3 months in the respiratory tract of swine 2341 prior 
to causing illness. 
The  remaining  animal  in  Experiment  3,  swine  2339,  developed  swine  in- 
fluenza 2 days after swine 2341 became ill in the same pen.  It is believed that 
this  constituted  a  contact  infection.  This  animal  was  only moderately  ill. 
Its blood serum, obtained  10 days after infection, neutralized swine influenza 
virus. 
Experiment 4.--In October of 1939 swine 2428 and 2432, known to be free of lung- 
worms, were each fed 12 earthworms from barrel 4  (4 earthworms on each of 3 con- 
secutive days).  It had now been a year since these earthworms had ingested their 
lungworm ova.  Beginning  14 days after  their  earthworm feeding each animal  re- 
ceived four intramuscular injections of suspensions of live H. influenzae suis at 8 day 
intervals.  The first of these injections in each case was 1 cc. of a 1 per cent suspension 
of 48 hour potato-chocolate agar cultures, while subsequent injections were of 2 cc. 
Midway between the third and fourth H. influenzae suis inoculation each animal had 
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pleura through the chest wall, a  procedure which was known, from experiments  to 
be reported later,  to elicit  swine influenza virus infections sometimes in swine that 
had ingested lungworm larvae from influenza swine.  The use of calcium chloride to 
provoke swine influenza virus infections had been suggested originally by the finding 
~,f Bullock and Cramer (10) that this substance would break the dormancy of spores 
of the bacteria of gas gangrene and tetanus in mice or guinea pigs. 
Neither animal was noted to be clinicaUy  ill as a  result of any of the procedures 
to which it had been subjected and the experiments were considered negative.  Swine 
2432  was killed and autopsied 5 days after  its last  injection of H. influemae  suis. 
Its respiratory tract was negative except for the presence of dense fibrous adhesions 
in the right pleura  resulting from the calcium chloride injection.  There were also 
numerous adult lungworms in the bronchi of the bases of the diaphragmatic lobes. 
Blood serum obtained at autopsy was saved to test  for the possible presence of 
antibodies neutralizing swine influenza virus, a  procedure regularly followed in this 
work.  Surprisingly enough in view of the fact that the animal had at no time been 
clinically ill, its serum neutralized swine influenza virus to a dilution of 1 in 8.  This 
titer was lower than that  ordinarily encountered in the sera  of convalescent swine 
(ll).  However, since the serum of the animal drawn 6 days after its earthworm feed- 
ing was free of virus-neutralizing antibodies the presence of antibodies later on must 
be interpreted as having resulted from an experience with the swine influenza virus. 
Since  this  experience  did  not result  in  clinically  recognizable  illness  there 
is no way of knowing which of the several procedures applied  to the animal 
had elicited the virus response. 
The other animal in the pen, swine 2428,  failed to become ill, nor did virus-neu- 
tralizing antibodies appear in its blood serum in spite of the continuation of efforts 
to elicit  a  swine  influenza  infection  by multiple  intramuscular  inoculations  of H. 
influen~ae suis.  When this animal was finally killed and autopsied its  respiratory 
tract was normal except for the presence of numerous adult lungworms in the bronchi 
of the bases of the diaphragnmtic lobes. 
In this  experiment,  then,  not only did swine  2432 undergo an immune re- 
sponse to swine influenza virus, but it failed to transmit  its virus by contact 
to swine 2428 in the same pen.  The failure of swine influenza virus to trans- 
fer by pen contact is of exceedingly rare occurrence in swine that have been 
infected nasally. 
Experiment  5.--In March of 1940 swine 2433, known to be free of lungworms, was 
injected intramuscularly with 1 cc. of a  1 per cent suspension of a  48 hour potato- 
chocolate agar culture of H. influenzae suis.  On each of the 2 succeeding days the 
animal was fed 5 earthworms from barrel 4.  16x/4  months had now elapsed since these 
earthworms had ingested lungworm ova from pigs with swine influenza.  11 and 19 
days after the earthworm feeding the pig was inoculated intramuscularly with 2 cc. 
of a  1 per cent suspension of five H. influenza,  sui,.  No illness resulted from either 
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tion that sterile fluid into the respiratory  tracts raised the influenza virus titer of sub- 
lethally  infected  mice,  15  cc.  of  broth  was  administered  intratracheally  under 
chloroform-ether anesthesia.  This was followed in 2 days by the intramuscular  in- 
jection of 1 cc. of a 1 per cent suspension of living H. influenzae suis. 
On the 2nd day after this last injection the animal appeared ill, and its temperature 
rose abruptly to 41.1°C.  It was killed and autopsied  on this  1st day of illness.  The 
findings at autopsy were unusual in that the cephalic, cardiac, and azygos lobes were 
free of lesions.  There was,  however,  a  scattered  lobular  atelectatic pneumonia  of 
the upper portion of the right diaphragmatic lobe, and the bases of both diaphragmatic 
lobes were consolidated.  There were numerous small but mature (embryonated ova 
present  in the females) lungworms in the bronchi at the bases. 
In this instance swine influenza virus of average pathogenicity for mice was 
demonstrated in the respiratory tract.  In its first passage it killed all mice 
inoculated within 8 days and in the second mouse passage killed all within 5 
days.  The  finding  of virus  that  was  fully pathogenic for mice  in  this  pig 
eliminated  from consideration  the  possibility  that  the  apparent  attenuation 
of the virus for mice in the case of swine 2341 (Experiment 3) had resulted from 
its 8 month sojourn in lungworm larvae.  Here in the case of swine 2433 virus 
fully pathogenic for mice had  been recovered from an animal infected with 
virus that had survived for 16½ months in lungworm larvae. 
Swine 2433 transmitted influenza, by exposure, to another pig in the same 
pen, and antibodies neutralizing swine influenza virus appeared in the serum 
of this contact animal during convalescence. 
Experiment 6.--I.n November of 1940 swine 2609 and 2629, known  to be free of 
lungworms, were each fed 5, 6, and  10 earthworms  from barrel  4 on 3 consecutive 
days.  2 years had now elapsed since these earthworms  had ingested lungworm ova 
from pigs  with  swine influenza.  Beginning  9  days after  their  earthworm  feeding 
the pigs  were given  three  intramuscular  inoculations  of suspensions of live H. in- 
fluenzae suis at 8 day intervals. 
No clinically recognizable illness resulted.  However,  blood serum obtained from 
both swine 22 days after their third inoculation with H. influenzae suis was found to 
neutralize  swine influenza virus.  The neutralizing  titer  of the serum  was  1:20 in 
the ease of 2609 and slightly less in the case of 2629 when tested against  the usual 
1000 mL.D.'S  of swine influenza virus.  Serum of each swine obtained at the beginning 
of  the  experiment  had been  free  of neutralizing  antibodies.  The serum  antibody 
titer attained was thus lower than that ordinarily  encountered  in swine convalescent 
from actual infection  (11).  It more nearly approached  that of swine immunized by 
virus  administered  subcutaneously  or intramuscularly. 
Because both swine remained clinically normal throughout the experiment 
it is not possible to know which of the provocative inoculations activated the 
virus.  However, the antibody response indicated that each swine had under- 
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Failure to Demonstrate Swine Influenza  Virus in Larval or Adult Lung-,vorrn, 
Consideration  of the  courses  of the  experiments just  outlined  and  of the 
procedures required  to  elicit swine  influenza infections made it  evident  that 
the swine influenza virus contained in the lungworms must not have been in 
a  readily  available  or  infective form.  If faUy infective virus  were present 
within lungworm larvae one would anticipate that a  swine influenza infection 
would result as soon as the larvae reached the highly susceptible tissues of the 
swine respiratory tract,  that is to say on from the 3rd  to the 8th day after 
ingestion.  Since infections failed to occur then and infested swine remained 
normal for long periods of time, even after the larvae had developed to adult 
lungworms, it seemed obvious either that the virus in the worms was present 
in a  masked, non-infective form or that it was not liberated from within the 
infected lungworm cells until some unusual stress was applied. 
A number of experiments have been conducted in an attempt to demonstrate 
swine influenza virus within  larval or adult lungworms by direct or indirect 
means.  Since these have so far been uniformly negative only the more general 
aspects of the procedures tried will be outlined. 
Efforts were first made to demonstrate virus in third-stage larvae. 
Calciferous  glands and hearts, rich in third-stage lungworm larvae, were removed 
from  earthworms  of  known  influenza-producing  capability.  These  were  ground 
with  sterile  sand,  and  suspended  in  saline.  In such  suspensions  the  larvae were 
thoroughly disintegrated.  The suspensions  were then administered intranasally to 
either 6 or 8 anesthetized mice in each experiment.  Half of the mice were killed and 
autopsied on the 4th day after inoculation,  and suspensions of their lungs were passed 
intranasally to a second group of anesthetized mice.  This procedure was continued 
through either three or four serial passages before concluding  that swine  influenza 
virus was non-detectable. 
In no case were pulmonary lesions, suggestive of those caused by swine influenza 
virus, observed.  2 or 3 weeks later, the surviving half of the mice through which 
the material had been passaged  were  inoculated  intranasally with swine influenza 
virus.  All succumbed typically, indicating that no immunity had been conferred by 
the lungworm larvae suspensions. 
In addition suspensions of lungworm larvae similar to those administered to 
mice were mixed with cultures of tt. influenzae suis and inoculated ;atranasally, 
intratracheally, or directly into the lungs of swine.  The animals failed to come 
down with swine influenza nor did they develop in their sera antibodies neu- 
tralizing  swine  influenza virus.  From such  experiments it seemed apparent 
that virus in the lungworm larvae was present either in subinfective titer or 
in a  non-infective or thoroughly masked form. 
Efforts were next made to demonstrate virus in adult lungworms removed 
from the respiratory tracts of swine thought  to be "ripe" for provocation of 
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The swine  furnishing  these lungworms had been fed earthworms just  as in  the 
experiments outlined  earlier.  However,  they  were  not  submitted  to  provocative 
inoculations  with H. influenme sub but instead were killed and autopsied a month 
or longer after their earthworm feeding.  The adult  lung'worms  contained in their 
respiratory tracts were removed, ground with sand, suspended in saline, and adminis- 
tered to mice and swine in a manner similar to that used in testing the larvae for virus. 
Neither mice nor swine became infected or developed immunity, and it was 
necessary to conclude from the tests that swine influenza virus was not demon- 
strable in the adult lungworms. 
An attempt was next made to demonstrate the presence of virus in adult 
lungworms  from  "ripe"  swine  by  indirect  means.  Though  the  virus  was 
masked and non-infective upon direct introduction into the respiratory tracts 
of susceptible hosts  it yet might prove detectable  by means  that  had  been 
successfully  used  to  demonstrate  the  presence  of  masked  virus  in  another 
disease, rabbit papiUomatosis.  Here, although suspensions of the pal:illomas 
of domestic rabbits are usually non-infectious due to masking (13) of the virus 
they contain, they will immunize other rabbits to the virus and will even elicit 
low  titer virus-neutralizing antibodies  (14)  if administered  intraperitoneaUy. 
Applying the same general procedure used in detecting masked papilloma virus, 
mice  were  given  repeated  intraperitoneal  injections  of  suspensions  of  lungworms 
from "ripe" swine.  2 weeks  after their  last  injection  they were  inoculated intra- 
nasally, while etherized,  with from 100 to  1000 M.L.D.'S  of swine influenza virus.  All 
succumbed typically and no immunity was demonstrable. 
It must  be  concluded  from the  experiments  conducted  so  far  that  swine 
influenza virus is not detectable by either direct or indirect means in lungworms 
known from other evidence to be acting as intermediate hosts for the virus. 
DISCUSSION 
The experiments described were undertaken  in  an effort to learn whether 
the swine lungworm could serve as intermediate host for either the hog cholera 
or the swine influenza virus.  It had been anticipated, if the lungworm were 
to fit the r61e of intermediate host for either virus tried, that it would transmit 
the  causative agent from sick  to  normal animals directly.  In  view  of this 
preconceived notion that the lungworm should fit the general pattern of other 
known intermediate hosts, the first experiment tried in the case of each virus 
was considered negative when, after a 10 day period of observation, the animals 
to which  lungworms suspected  of carrying virus had been administered,  re- 
mained  normal.  10  days  was  well  beyond  the  usual  incubation  period  for 
either hog cholera or swine influenza and furthermore within  this period the 
lungworm larvae should  have largely completed their migrations within  the 
host and have become established in  the swine respiratory tract.  The pos- 62  LUNGWORM  AS  HOST  FOR  SWINE  INI~LUENZA  VIRUS.  H 
sibility that either virus might have been transmitted in a latent, masked, or 
non-infective form was not considered until, in the course of subsequent events, 
the findings were such as to make that possibility quite obvious.  Because the 
first experiment with hog cholera virus was negative, further work with it was 
discontinued and only the more promising experiments with swine influenza 
were carried further. 
It was found that the suggestion furnished in the first swine influenza experi- 
ment, that virus transmitted by the lungworm had to be activated in some way 
to elicit infection, was indeed correct.  Swine that had been fed earthworms 
containing lungworm larvae hatched from ova coming from influenza-infected 
swine remained normal to all appearances so long as they were kept under the 
usual experimental conditions.  Only when they were subjected to a stress of 
some unusual  character did they develop influenza.  The administration  of 
multiple intramuscular injections of suspensions of the bacterium H. influenzae 
suis constituted a  satisfactory means of furnishing the required stress.  It is 
probably significant that in no case did influenza follow a  single injection of 
the bacterial suspension.  Sometimes it followed the second or third injection, 
but not infrequently a  larger series had to be employed.  It is believed that 
these findings indicate that the provocative stimulus responsible for eliciting 
the swine influenza infections was not H. influenzae  suis per se but rather some 
condition or chain of conditions established by repeated injection of the bac- 
terium.  Conceivably it  partook of the character of  an allergic or sensitiza- 
tion phenomenon. 
After infection with the virus was provoked, however, the presence of H. in- 
fluenzae suis was important in determining the character of the resulting disease. 
In all of the experiments in which clinical illness ensued, H.  influenzae  suis 
administered intramuscularly had reached the respiratory tract so that, upon 
activation of the virus, true swine influenza, having as its cause the concerted 
activity of H. influenzae suis and swine influenza virus (5), resulted.  In some 
experiments in which many injections of H. influenzae suis had been admin- 
istered before the  virus  infection was  finally provoked,  the  resulting  swine 
influenza  was  milder  than  usual,  probably  because  of  the  development 
of some degree of immunity to H. influenzae  suis  (15).  (The case of swine 
2341, Experiment 3, illustrates this.)  In other experiments which have been 
carried out but which will not be reported until later, provocation by means 
other than the use of live H. influenzae suis yields filtrate disease, an infection 
in which only the virus participates. 
The experiments reported, all conducted with earthworms taken from barrel 
4, give a false impression of the ease and regularity with which the phenomenon 
under  discussion  can  be  reproduced.  To  date,  a  total  of  69  experiments, 
containing from 1 to 8 swine per experiment, have been conducted.  Of these, 
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provoked.  The remaining 28 experiments, including those cited in the present 
paper, have been positive.  There are numerous reasons for this only partial 
success.  Undoubtedly some of the failures resulted from the use of lungworms 
that, for a variety of reasons to be discussed in a later paper, had not become 
carriers of swine influenza virus.  In most of the negative experiments, however, 
the failures are believed to have been due to the inability to establish, in the 
experimental swine, appropriate conditions for the virus infection.  Only one 
of the reasons for failures in this category is apparent from the experiments 
cited, and only this one will be discussed. 
The swine in experiment 3 were fed late in April earthworms known to con- 
tain lungworm larvae.  Because lungworms failed to become established the 
procedure was repeated in June.  From then until September efforts to pro- 
voke influenza infections in these animals were unsuccessful.  In September, 
after having proved refractory throughout the summer,  one of the animals 
finally developed swine  influenza following a  long series  of provocative in- 
oculations.  In other experiments not included among those dealt with in this 
paper a  similar summer refractory state has been encountered.  During 1939 
no experiments were successful between April and  September, while in  1940 
all experiments carried out from May to October were negative.  It would 
seem from such results during two summers that, if swine are not completely 
refractory during  this  time of  the  year, their infections are at  least much 
more difficult to elicit using the same means of provoking that have been suc- 
cessfully used during  the autumn,  winter,  and spring months.  This failure 
of the virus to cause infection by way of its lungworm intermediate host during 
the summer has, as yet, no explanation.  The finding, however, fits well with 
the known seasonal incidence of swine influenza under field conditions.  The 
result obtained in Experiment 3 indicates, so far as it goes, that the refractory 
state is due not to the inability of the worm intermediate host to transmit its 
masked  virus  during  the  summer  but  rather  to  failure  of the  provocative 
stimuli applied to render the masked virus infective during this season of the 
year.  While a  number of the 41  negative experiments may have resulted in 
failure because they were conducted during the summer refractory state, others 
carried  out  during  known  favorable  seasons  have  also  resulted  negatively. 
The question of the r61e played by seasonal and other factors in determining 
the transmission of swine  influenza virus by way of a lungworm intermediate 
host will be considered in detail in a later paper when experiments other than 
those included in the present paper have been described. 
The inability to detect swine influenza virus by direct means either in lung- 
worm larvae  in  their earthworm intermediate hosts  or  in  adult  lungworms 
removed from the respiratory tracts of swine thought ripe for provocation of 
the  disease has  been an  interesting but  bothersome handicap  to  the  work. 
While the non-infectiousness of  the virus in its intermediate host was to be 54  LUNGWORM  AS  HOST  FOR  SWINE  INFLUENZA  VIRUS.  II 
anticipated from the failure of infected lungworms to induce disease directly 
in the swine whose respiratory tracts they infested, it had been  hoped that 
there might be some way of demonstrating its presence by indirect means. 
Thus far all attempts to do this have been unsuccessful and it is necessary to 
conclude that the swine influenza virus is in a completely masked non-infective 
form in its lungworm intermediate host.  It evidently remains in this form 
until unmasked by some stress applied either to the lungworm or to the swine 
harboring it.  This phenomenon of provoking the infectivity of masked swine 
influenza virus is reminiscent of those experiments of Bullock and Cramer (10) 
in which the dormancy of spores of the bacteria of gas gangrene or of tetanus 
in mice or guinea pigs was broken by injecting calcium chloride, a phenomenon 
which was  termed kataphylaxis.  In like manner,  Turner  (16)  has  demon- 
strated in Black Disease of sheep that spores of Bacillus oedematiens, the causa- 
tive bacterium, may be present in a latent state in the livers of sheep for long 
periods of time without causing disease.  Only when a  kataphylactic agent 
invades  the  liver,  in  this  case  the liver fluke Fasciola hepatica,  does  Black 
Disease ensue. 
In order to demonstrate the presence of swine influenza virus in its lungworm 
intermediate host it is necessary that the lungworm go through its complete 
cycle beginning in  the respiratory tract of an infected swine and ending  in 
the  respiratory tract  of a  susceptible  and  properly prepared  swine.  Fully 
infective virus is detectable only at either end of such a  cycle.  Stanley (17) 
has recently compared this phenomenon very aptly with that of a train passing 
through a tunnel:  One can see the train as it enters and as it leaves, but  it is 
no more apparent while in  the  tunnel  than is swine influenza virus while in 
its intermediate host. 
Nothing to indicate that swine influenza virus is injurious to its lungworm 
host has  been observed.  Neither is  there any evidence that  lungworms  in 
the swine  respiratory tract are  injured by  the provocative stimuli  apptied 
in eliciting virus infections. 
These experiments with swine influenza are not the first instance in which 
it has proved difficult or impossible to detect the presence of an infectious agent 
during the time that it is in an intermediate or transmitting host, though it is, 
so far as is known, the first instance in the case of a filtrable virus.  In salmon 
poisoning of dogs,  the non-filtrable causative  agent,  whose  nature  remains 
obscure,  is  transmitted  by the  fluke Nanophyetus  salmincola.  Though  the 
etiological agent is demonstrable, by dog inoculation, in the encysted cercariae 
of the fluke in its fish host it is not similarly detectable in the redlae or cer- 
carlae of the fluke in the snail host (18).  Furthermore in blackhead of turkeys, 
a disease in which the causative histomonad (Histomonas meleagridis) is trans- 
mitted by the cecal worm Heterakis gallinae, histomonads have not been demon- 
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applicable to the histomonad of blackhead as it is to the virus of swine influenza. 
If agents having the character of a  histomonad or of the non-filtrable agent 
responsible for salmon poisoning are not, by any available means, demonstrable 
in their intermediate hosts, it is perhaps not surprising that a  filtrable virus 
should  be  "lost"  in  its  transmitting  host.  The occult nature  of infectious 
agents within helminth intermediate hosts may prove to be a  characteristic 
of this mechanism of disease transmission.  Neither in salmon poisoning nor 
in blackhead, however, does it seem necessary to provoke or activate the in- 
fective agent in order to elicit infection. 
The results  obtained in  the  experiments here described may be classified 
into two groups, depending upon whether or not the experimental swine became 
clinically ill.  In  the  first  group,  comprising  the  original and  confirmatory 
Experiments  1,  2,  3,  and  5,  the  animals  developed clinically characteristic 
swine influenza.  The only feature of the disease that differed notably from 
that seen in intranasally infected swine concerned the distribution of the in- 
fluenzal pneumonia.  In  swine  receiving their  infections experimentally by 
way of the  nose  the pneumonia is predominantly localized in  the  cephalic, 
cardiac, and azygos lobes with little or no involvement of the diaphragmatic 
lobes except in cases with a  fatal outcome, while in swine receiving their in- 
fections through the medium of lungworms the pneumonia was more diffusely 
distributed throughout the lung and the diaphragmatic lobes especially were 
involved.  In the case of swine 2433  (Experiment 5), killed and autopsied on 
its first day of  illness,  only  the  diaphragmatic lobes were involved and all 
five of the anterior lobes were completely free of lesions.  It is believed, on 
the basis of the autopsy findings in other swine that were permitted to live 
through 3 or 4 days of illness and in which the anterior lobes were also involved, 
that the pneumonia in the diaphragmatic lobes probably represented the initial 
observable lesion in swine acquiring their virus by way of lungworms.  Lung- 
worms are localized almost exclusively in the small bronchi at the bases of the 
diaphragmatic  lobes.  From  these  posterior  lobes  the  infection  doubtless 
spreads, probably by way of the bronchi, eventually involving portions of some 
or all of the anterior lobes. 
Of the second group into which  the  results  fall, were those animals  that 
became immune  to  swine  influenza virus  without  having  exhibited  clinical 
evidence of infection: the animals in Experiments 4 and 6.  It is possible that 
these swine may have undergone attacks of filtrate disease too mild for recog- 
nition, but this seems unlikely for two reasons.  First, the virus-neutralizing 
antibody titers were extremely low to represent the result of frank infections 
even with the swine influenza virus alone; and second, swine 2432  failed to 
infect by contact swine 2428 in the same pen, a failure that is extremely rare 
in either swine influenza or filtrate disease.  Neither of these findings alone 
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and 6 had undergone very mild attacks of filtrate disease, but the two considered 
together make this possibility seem quite unlikely. 
The results are more suggestive of those attained in immunizing swine by 
the  subcutaneous  or  intramuscular  administration  of virus  (20,  21).  Such 
swine develop low titer antibodies and become immune but the virus does not 
reach the respiratory tract in infective quantities nor spread to other swine 
by contact  from the  immunized  animals.  Such  an  explanation applied  to 
the results obtained in Experiments 4 and 6 would take into consideration the 
well known helminthological fact that, among nematode larvae which undergo 
extensive wanderings in the host's body before reaching their sites of predilec- 
tion,  many are  destroyed,  or  wander  into  tissues  from which  they  cannot 
escape.  It is believed that the findings with the swine that developed immunity 
instead of infection can best be explained upon the basis of the activation of 
virus within lungworm larvae that had been "lost"  in  non-respiratory tract 
tissues.  There is no reason to suspect,  if masked swine influenza virus ac- 
tivated  within  the  respiratory  tract  results  in  clinical  infection,  that  that 
activated outside the respiratory tract should not, like  active  virus  placed 
there by inoculation, induce an immune response without clinical infection. 
It has not as yet been possible to explain the change which takes place in 
active swine influenza virus when, upon entering the lungworm, it becomes 
masked.  Neither has  it been possible to visualize the mechanism whereby 
the masked virus can again be converted into an infective form upon its return 
to susceptible swine.  That the phenomenon, whatever its mechanism, achieves 
and insures prolonged survival of the virus is indicated by Experiment 5, in 
which  17 months elapsed between infection of the swine initially furnishing 
the virus and the eventual establishment of the virus as an infectious agent ill 
another swine.  In like manner, in Experiment 6, 2 years intervened between 
the swine that originally supplied the virus and the ones that were eventually 
immunized by it.  The swine  influenza virus  is  not  to be considered, from 
its  known  properties,  an  unusually  resistant  agent.  It  is  destroyed in  24 
hours by incubation at 37°C. in saline suspension; preserved under favorable 
conditions  in  50  per  cent  glycerol  at  refrigerator  temperature  one  cannot 
depend upon its remaining viable for much longer than 2 months; and in the 
respiratory tract of an infected swine the virus is not detectable after the 7th 
day.  It is thus apparent that the survival periods recorded for swine influenza 
virus  in  the  present  experiments are  very unusual  and  probably  could be 
duplicated under no set of experimental conditions for storage that might be 
devised.  To the bacteriologically trained person, the possibility that masking 
of swine influenza virus may be comparable in at least some of its characteristics 
to spore formation among certain bacteria comes to mind at once.  Whatever 
its nature, the mechanism furnishes a potential means for the preservation of 
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the period of survival of the virus recorded in the present experiments is over 
twice that which would account for its persistence throughout the usual in- 
terepizootic period. 
It is believed that  the puzzling findings described in the preceding paper 
(1), in which swine influenza virus infections were elicited in apparently normal 
swine  receiving multiple  intramuscular  injections of H.  influenzae  suis,  can 
be explained on the basis of the results recorded in the present paper.  The 
swine  used  in  those experiments were  observed to  have been  infested with 
lungworms.  From the way in which those experiments and the ones described 
in the present paper duplicated one another it appears obvious that the same 
explanation will hold for both.  On  this basis  masked swine influenza virus 
present  in  the lungworms of the  swine used is  considered to have been ac- 
countable for the influenza infections induced. 
SUMMARY 
1.  The swine lungworm can serve as intermediate host in transmitting swine 
influenza virus to swine.  The virus is present in a masked non-infective form 
in the lungworm, however, and, to induce infection, must be rendered active 
by the application of a  provocative stimulus  to the swine it infests.  Mul- 
tiple intramuscular injections of H. influenzae suis furnish a means of provok- 
ing infection.  Swine influenza infections can be provoked in properly prepared 
swine  during  the  autumn,  winter,  and spring,  but  not  during  the  summer. 
The phenomenon, while not regularly reproducible, occurs in well over half 
the  experiments  conducted  outside  the  refractory period  of  summer.  No 
explanation for the failures is apparent. 
2.  The virus  can persist in  its lungworm intermediate host for at least 2 
years. 
3.  Swine infected with swine influenza virus by way of the lungworm inter- 
mediate host exhibit a  more pronounced pneumonia of the posterior lobes of 
the lung than do animals infected intranasally with virus.  The situation of 
the worms providing the virus will account for this. 
4.  Occasional swine  infested with  lungworms  carrying influenza virus fail 
to become clinically ill  after provocation but  instead  become immune.  In 
these it is believed  that  lungworms containing the virus are localized outside 
the respiratory tract at the time of provocation. 
5.  It is believed that the experiments described furnish an explanation for 
the findings recorded in the preceding paper, in which swine influenza virus 
infections were  induced  in  apparently  normal  swine  by multiple  injections 
of H. influenzae suis. 
6.  In a  single experiment swine lungworms failed to transmit hog cholera 
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